Objectives To analyse short-and long-term case-fatality trends following admission to hospital with a first acute myocardial infarction, in men and women between 1986 and 1995, after adjusting for risk factors known to influence survival.
Introduction
The prognosis following acute myocardial infarction barely changed between 1960 and 1980 [1] [2] [3] . Since then, however, many new life saving treatments for acute myocardial infarction have been introduced, including thrombolytic therapy, aspirin and angiotensin converting enzyme inhibitors [4] , but there are few data describing the long-term prognosis in this modern era of acute myocardial infarction management [5, 6] . Moreover, most of the available information comes from randomized clinical trials, enrolling carefully selected patients; elderly and female patients are vastly under-represented [6, 7] . Population-based studies are uncommon, the recent outstanding example being MONICA [8] . This, however, concentrated on 28 day survival [8] . Population-based studies describing trends in longer term survival in European populations are rare. We are only aware of four recent publications that described follow-up of 2 years or more after acute myocardial infarction. Three come from the United States. Each recruited relatively small numbers of cases from limited geographical regions (e.g. single cities) and restricted patient groups (e.g. less than 75 years of age). Three reports described up to 7 years follow-up of between three and eleven thousand cases [9] [10] [11] . One study described long-term survival after acute myocardial infarction in a sizeable number of patients [12] . This study was, however, carried out over a number of discrete time periods and limited to one metropolitan area.
The Scottish Morbidity Record Database is the only U.K. dataset routinely linking all hospital admission records and all mortality data for a population of 5·1 million. This database contains good quality detailed information from 1981 on over 400 000 individual coronary heart disease hospital admissions and 250 000 coronary heart disease deaths [13, 14] . The principal aim of this study was to determine short-term and long-term case-fatality trends in men and women, after adjusting for the key factors known to influence survival: age, sex, deprivation and comorbidity. We thus describe the changing prognosis amongst all 117 718 patients admitted to hospital with a first acute myocardial infarction in Scotland over the period 1986-1995.
Methods
We used linked data to investigate trends in survival following admission for a first acute myocardial infarction.
Data sources
The Information and Statistics Division of the National Health Service in Scotland collects and collates data on all NHS hospital admissions using the Scottish Morbidity Record scheme [14, 15] . This database is linked to information held by the General Registrar's Office for Scotland which includes deaths in-hospital and out-ofhospital. This linkage permits analysis of the data at the level of the individual patient rather than the episode of care [13, 14] . A Scottish-wide retrospective cohort study was undertaken using this database, to identify all admissions and deaths attributed to acute myocardial infarction (ICD-9: 410) throughout Scotland between 1986 and 1995. Only the first acute myocardial infarction leading to a hospital admission per patient was analysed.
Each patient record provided information on age, sex, postcode of residence, date of admission and death if it occurred. Postcode sectors were used to derive Carstairs socio-economic deprivation scores, to allocate patients into deprivation categories [16, 17] . Co-morbidity was based on any prior hospital admission, with categorization into cerebrovascular disease, cancer, coronary heart disease, diabetes, heart failure, peripheral vascular disease, and respiratory disease.
Using retrospective linkage back to 1981, we identified those patients who had been admitted to hospital for any other reason, within 5 years prior to their acute myocardial infarction. In order to consistently obtain a 5 year history of prior admission to hospital for each patient, the principal analyses in this study were confined to patients admitted between January 1986 and December 1995. This allowed patients to be followed up for a minimum of 1 year to the end of the study (31 December 1996) .
Statistical analysis
Survival time was calculated as the time from first acute myocardial infarction admission to death from any cause, or censored at 31 December 1996. Crude casefatality rates were calculated for follow-up periods from 30 days to 10 years using the actuarial life-table method. This takes account of admission dates and periods of follow-up, which differ between patients [18] . Crude casefatality rates were stratified by age, sex, deprivation category, prior admission and year of admission for a first acute myocardial infarction. Logistic regression was then used to model mortality at 30 days in patients admitted to hospital with acute myocardial infarction, showing the independent effects of these factors. For patients surviving 30 days or more, Cox's proportional hazard models were then used to determine whether these factors were independently associated with overall survival [19] . We chose Cox modelling in this case because it considers all data points, not simply the total mortality experience at a single (arbitrary) time point. As mortality for men and women appeared to differ depending on age, the sexes were considered separately in the multivariate analyses. Year of admission was then included in the multivariate analysis to identify any time-trend in case-fatality rates, after adjustment for these other prognostic factors. Approximately 5530 (4%) patients were not allocated to deprivation categories because of missing data, and these patients were excluded from the multivariate analyses. All analyses were undertaken using the Statistical Package for Social Scientists (SPSS Inc, Chicago, Illinois 60611).
Results
Between 1 January 1986 and 31 December 1995, 117 718 patients were admitted to hospitals in Scotland with a principal diagnosis of a first acute myocardial infarction. The annual number of admissions declined significantly, from 12 525 in 1986 to 10 179 in 1995 (P=0·001). Forty-two percent were women with a mean age of 71 years, significantly older than the men (mean age 64 years, P<0·001). Overall case-fatality following admission was 22·2%, 31·4%, 51·1% and 64·0% at 1 month and 1, 5 and 10 years, respectively. Approximately 96% of all deaths were attributed to coronary heart disease at 1 year, decreasing to around 70% at 10 years.
Crude case-fatality (Table 1) The univariate analysis showed a powerful age effect, with crude 30-day case-fatality rising from 5·1% in those aged less than 55 years to 45·5% in those aged over 85 years. At 10 years, case-fatality in these two age groups rose to 26·3% and 94·8%, respectively. Overall median survival was 7·3 years in men and 3·5 years in women, who tended to be older. After excluding those patients who died within the first 30 days of admission to hospital, median survival was 10·7 years in men and 7·6 years in women.
The overall effect of socio-economic deprivation on crude case-fatality was small. In men, the odds of death within 30 days was some 10% higher in the most deprived group compared with the most affluent (P<0·01). The 4% difference in women was not significant. Any previous admission to hospital significantly increased crude case-fatality. A previous admission for diabetes was associated with a case-fatality rate of 89·9% at 10 years, compared with 62% in patients with no prior admission. Median survival was dramatically reduced by 6·6 years (P<0·001, Table 1 ).
Adjusted case-fatality (Table 2) Case-fatality at 30 days In the multivariate analyses, age had a strong impact. The relative risk of dying almost doubled for each decade of age and rose more steeply in men than in women. The relative risk of dying within 30 days was increased by up to twofold in patients with prior admissions for diabetes, respiratory disease, peripheral vascular disease, cancer or heart failure ( Table 2) . Socioeconomic deprivation had a very small independent effect. When comparing the most deprived category to that of the most affluent, men had a 10% increased mortality (P<0·01), whilst women had an increased mortality of 4% (not significant).
Longer-term case-fatality (Table 2)
Cox modelling revealed that a number of factors significantly and independently increased case-fatality beyond the first month. Age remained very powerful, case-fatality still almost doubling with each additional decade. Case-fatality was substantially increased by a range of prior admissions, the most powerful being diabetes and cerebrovascular disease. Deprivation effects were also more marked, with longer-term 
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case-fatality in the most deprived group compared with the most affluent group being 27% higher in men and 15% higher in women (Table 2) .
Time trends in case-fatality 1986-1995 (Table 3 and Figs 1 and 2)
Between 1986 and 1995, crude case-fatality at 30 days decreased from 25·1% to 19·4% and at 1 year from 35·3% to 27·8% (Table 3) . Similar improvements were seen longer-term; 5-year case-fatality rates decreased from 52·3% in 1986 to 46·3% in 1991, and median survival increased by more than 1·3 years (P<0·001, Table 3 ). Using multivariate analysis to adjust for age and other factors, the independent effect of year of diagnosis on mortality became even stronger. Between 1986 and 1995, the relative risk of dying within 30 days of hospital admission fell by 46% in men and 27% in women (Fig. 1) . Comparable trends were also seen in the longer term, with the relative risk of dying falling by 34% in men, (95% CI 28-40%) and 30% in women (95% CI 22-36%) (Fig. 2) .
Discussion

Trends in case fatality
We examined all 117 718 patients admitted to hospital with a first acute myocardial infarction and all 104 912 related deaths occurring in Scotland between 1986 and 1995. It consequently ranks as one of the largest population-based studies published [5, 6, 15, [20] [21] [22] . After adjusting for other factors, short-and long-term case fatality following an admission for a first acute myocardial infarction fell steeply between 1986 and 1995. The falls observed in our study were substantially greater than in the series reported from European MONICA centres including Glasgow; these were all confined to younger patients [8, 23] . Furthermore, we observed a difference between men and women, with a 46% reduction in the short-term relative risk of death in men, compared with 27% in women. This gender discrepancy has not been well described previously, and feasible explanations may include bias in treatment practices and in followup [23, 24] . Further research is indicated.
Our data are entirely consistent with the suggestion that modern treatments are making an increasing population impact [25] . The progressive improvements in short-term case fatality that we observed may indicate the importance of immediate therapies for acute myocardial infarction, such as cardiopulmonary resuscitation, ACE inhibitors, aspirin and thrombolysis [1, [4] [5] [6] [7] [8] 25] . We also noted substantial improvements in long-term survival. These may be attributed to improvements in diet and smoking, as well as secondary prevention therapies including aspirin and beta-blockers [9, 10, 12, 21, 25] . The greater case-fatality reduction seen in men may again simply reflect higher treatment levels [25] . The decline in mortality cannot be attributed solely to treatment effects without acknowledging the modest contributions from other factors [26] . In the U.S.A, Australasia and Western Europe, population-based agestandardized coronary mortality rates have been dropping steadily since 1965 or 1970. This generally reflects significant falls in out-of-hospital deaths, sudden deaths and non-fatal events [27] . However, hospitalization rates for non-fatal 'definite' and 'possible' acute myocardial infarction have not fallen [6, 28] . Three factors might explain this phenomenon. Clinical management may have become more proactive [4, 29] . The diagnostic sensitivity of enzyme tests has increased [30] . Lastly, there has been a greater readiness to diagnose and code less severe and subacute coronary heart disease as acute myocardial 
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infarction [15, 27] . Each might spuriously inflate admission rates, include milder cases, expand the denominator and thus apparently decrease case-fatality [27, 30] . Such denominator inflation can only explain a small part of the observed case-fatality reduction in Scotland. Firstly, disease severity may well have increased [6] . Secondly, age-adjusted event rates for acute myocardial infarction tend to mirror trends in coronary heart disease mortality [27] . In Scotland between 1986 and 1995, mortality rates for coronary heart disease fell steeply, even more than admission rates for acute myocardial infarction. The ratio between the two consequently increased, but only by approximately 7% in men and 0·5% in women. Denominator inflation can thus only account for a small part of the case fatality fall of 46% in men and 27% in women.
Clinical practice vs clinical trials
We found that case-fatality in acute myocardial infarction remains much higher in clinical practice [5, 6] than reported in clinical trials [7, 31] . In our study, almost one quarter of Scottish patients admitted with a first acute myocardial infarction died within 1 month. With prolonged follow-up, we found that approximately 50% of the patients were dead within 10 years. Clinical trials tend to exclude elderly patients. In our study, age was confirmed as the most powerful prognostic factor with the risk of dying effectively doubling with each increasing decade of age, so that half of those patients aged over 75 were dead within 12 months. Selection bias therefore clearly accounts for much of the difference in case fatality between clinical trials and our populationbased study. Our findings are consistent with other large population based studies who have reported age-specific case fatality. For example, in 1989 the Ontario Study reported in-hospital crude case fatality rates of 18·9% in men and 25·0% in women in a comparable population [32] .
Women vs men
The effect of sex was weak, complex and varied with age and time. Women were generally older at the time of their first infarction. Age-specific crude case-fatality rates were similar in men and women.
Co-morbidity
Case fatality following an acute myocardial infarction was increased by any co-morbidity, especially diabetes, heart failure, or cerebrovascular disease [4] [5] [6] . The twofold risk associated with diabetes was surprising, being even higher than previous smaller studies [1, 5] , and highlights the potential for more aggressive treatment in diabetic patients [33] .
Socioeconomic deprivation
Socioeconomic deprivation was associated with a 27% longer-term disadvantage in the most deprived male category and 15% in women. This is a new finding. Contributory factors may include worse compliance with fewer medications, poor diet or persistent smoking [17, 34] . In our study, deprivation modestly increased mortality at 30 days, mostly in those aged under 65. Previous studies suggest that socio-economic deprivation only affects the pre-hospital phase of acute myocardial infarction and coronary death [17, 34] .
Study limitations
The quality of the data is crucial in such a study and the validity of the results depends on data accuracy and completeness. Death records and routine hospital inpatient records are essentially complete. The probabilitymatching algorithm links the SMR1, and Registrar General's death records with an accuracy of 98% [14] . ISD Scotland has an SMR Standards Unit which checks a 1% sample of SMR1 forms and compares the information with that recorded in the clinical case notes. In 1994 the accuracy of principal diagnosis and main operation coding was 90% and 91% respectively [13] . As recording of secondary diagnoses is poor [13] comorbidity in this study was based on the most reliable measure available, the principal diagnosis recorded in each previous admission [13] . People with milder forms of the disease, which did not result in admission, would be missed. This selection bias might therefore over-estimate the true impact of the co-morbid conditions. A further limitation is that population-based data from hospital discharge at present lack treatment and clinical detail. Lastly, though some losses to follow-up might be expected, emigration of people of 'pensionable age' from Scotland was less than 2% per decade [35] .
Conclusions
In conclusion, our results describe the prognosis of patients admitted to hospital with a first acute myocardial infarction in today's National Health Service in Scotland. With caution, these findings might be generalized to other comparable countries. The increasing survival suggests that the trial-based efficacy of modern therapies may now be translating into population-based effectiveness [25] .
